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RESuY  TO 
attention  or 


AMSAV-E 


DEPARTMENT  OF  THE  ARMY 

headquarters,  us  army  aviation  systems  command 

430C  GOOOFELLOW  BOULEVARD,  ST.  LOUIS,  MO  43120  -1798 


SUBJECT:  Directorate  for  Engineering  Position  on  the  Final  Report  of  USAAEFA 

Project  82-15-1,  UH-60A  External  Stores  Support  System  Fixed  Provision 
Fairings  Drag  Determination 


SEE  DISTRIBUTION 


1.  The  purpose  of  this  letter  is  to  establish  the  Directorate  for  Engineering 
position  on  the  subject  report.  The  subject  evaluation  was  conducted  to  deter¬ 
mine  the  increased  drag  due  to  the  External  Store  Support  System  (ESSS)  fixed 
provision  fairings  and  hover  performance  with  the  ESSS  fixed  provision  fairings 
Installed.  In  August  1977,  USAAEFA  conducted  an  Airworthiness  and  Flight 
Characteristics  (A&FC)  evaluation  of  the  normal  utility  configured  UH-COA  using 
aircraft,  S/N  77-22716  .  Following  development  of  the  F.SSS,  AEFA  conducted  an 
A&FC  evaluation  of  the  ESSS  configured  UH-60A  using  aircraft  S/N  77-22714,  which 
Included  a  comparison  of  the  full  ESSS  and  ESSS  fixed  provision  hover  perfor¬ 
mance.  When  the  results  of  the  hover  performance  tests  of  the  UH-60A  A&FC  and 
ESSS  A&FC  were  compared,  a  download  penalty  due  to  the  ESSS  fixed  provisions  of 

5  percent  of  gross  weight  out  of  ground  effect  (HOGE)  and  7.4  percent  of  gross 
weight  in  ground  el  feet  (HiGE)  was  shown.  This  appeared  to  be  excessive  and  it 
was  decided  to  conduct  back  to  back  tests  using  the  UH-60A  A&FC  aircraft  (S/N 
77-22716).  This  back  to  back  test  (ESSS  fixed  provisions  on  vs  ESSS  fixed  pro¬ 
visions  off)  is  reported  here. 

2.  The  back-to-back  test  results  reported  herein  show  penalties  of  0.5  percent 
of  design  gross  weight  HIGE,  2.7  percent  of  design  gross  weight  HOGE  and  2.5  ft2 
equivalent  flat  plate  drag  area  in  forward  flight.  The  accuracy  of  these 
results  is  supported  by  AEFA's  ability  to  exactly  reproduce,  in  these  tests,  the 
UH-60A  A&FC  HOGE  tests  conducted  on  the  same  helicopter  six  years  earlier.  A 
review  of  the  back-to-back  tests  reported  here  shows  the  test  conditions  were 
comparable  (density  altitude,  temperature  and  rotor  tip  speed)  for  both  con¬ 
figurations,  ESSS  fixed  provisions  on  and  off.  There  Is  very  little  scatter  in 
the  data,  but  there  is  a  distinct  difference  between  the  data  of  the  two  con¬ 
figurations.  However,  these  data  differ  significantly  with  the  penalties  pre¬ 
dicted  by  the  contractor's  analysis  of  0  percent  design  gross  weight  HIGE  and 
HOGE  and  1  ft2  equivalent  flat  plate  drag  area  in  forward  flight. 


AMSAV-F. 

SUBJECT:  Directorate  for  Engineering  Position  on  the  Final  Report  of  USAAEFA 

Project  82-L5-1,  U11-60A  External  Stores  Support  System  Fixed  Provision 
Fairings  Drag  Determination 

3,  This  Directorate  agrees  with  the  report  conclusions  and  recommendations, 
except  that  the  U1I-60A  operator's  manual  should  not  be  updated  until  completion 
of  the  Af-FC  evaluation  of  the  sixth  year  production  UH-60A  (AEFA  Project  No. 
83-25).  The  A&FC  of  the  sixth  year  UH-6PA  will  strengthen  the  data  base  of  per¬ 
formance  measurements  with  ESSS  fixed  provisions  on  and  off  and  clear  up  some 
anomalies  in  flight  performance  data  (non-dimensional  hover  performance 
variation  with  density  altitude  and  inflection  points  on  advancing  tip  Mach 
number  trends). 
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DISTRIBUTION 


INTRODUCTION 


BACKGROUND 

1.  The  PS  Army  has  stated  a  requirement  tar  self  deployment 
capability  for  the  UH-60A  hellcopLer.  To  satisfy  this  require¬ 
ment,  Sikorsky  Aircraft  (SA),  Division  if  United'  Technologies, 
has  designed  the  Fxternal  Stores  Suppor-.  System  (KSSS),  which 
consists  of  airframe  fixed  provisions  end  in  external  Ttores 
snhsystem.  The  external  stores  subsystem  can  he  removed  and  the 
UH-60A  can  he  flown  In  this  configuration  with  the  fixed  provision 
fairings  Installed. 

2.  In  August  1983  the  PS  Army  Aviation  Engineering  Flight 
Activity  (IJSAAEFA)  was  tasked  hy  the  US  Army  Aviation  Systems 
Command  (ref  1,  app  A)  to  evaluate  aircraft  performance  with 
the  fixed  provision  fairings. 


TEST  OB.IECTIVFS 

3.  The  ohlectlves  of  this  test  were  to  determine  the  increased 
drag  doe  to  the  fixed  provision  fairings  and  to  obtain  hover 
Performance  data  with  fixed  provision  fairings  Installed. 


DESCRIPTION 

4.  The  test  helicopter  was  a  UH-60A,  US  Army  S/N  77-22716,  the 
third  production  PP-60A.  Primary  mission  gross  weight  (ref  2, 
app  A>  Is  16,260  pounds  and  the  present  maximum  alternate  gross 
Weight  Is  20,260  pounds.  The  I1H-60A  Is  powered  by  two  General 
Electric  T700-CF.-700  turboshaft  engines,  each  rated  at  1563  shaft 
horsepower  (shp)  Installed  at  sea  level,  standard-dav  static 
conditions.  Installed  dual-engine  power  Is  transmission  limited 
to  2828  shp.  In  the  ESSS  configuration,  the  UH-60A  Is  equipped 
with  Integral  airframe  fixed  provisions  and  a  removable  external 
stores  subsystem.  With  the  external  steles  subsystem  (wings) 
removed,  a  set  of  aerodynamic  fairings  (fixed  provision  fairings) 
are  Installed.  The  fixed  provision  fairings  used  during  this 
evaluation  were  handmade  and  had  signlflea.it lv  smoother  surface 
texture  and  slight  shape  diffetence.s  when  -.empared  to  the  6th 
vear  production  PH-6DA  fairings  (photos  4  and  5,  app  8).  A 
more  detailed  description  of  the  UH-60A  aid  uv  fixed  provision 
fairings  Is  Included  In  appendix  8. 
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TFST  SCOPf 


3.  The  flight  testing  was  performer!  at  Edwards  Air  Force  Base, 
California  (2302  feet).  A  total  of  eight  flights  were  conducted 
hetweon  30  August  and  22  September  1983  for  a  total  of  15.6  flight 
test  hours  of  which  10.0  were  productive  flight  hours.  IISAAF.FA 
calibrated  and  maintained  the  test  instrumentation  and  performed 
all  required  maintenance  on  the  helicopter.  Personnel  from  SA 
installed  the  tested  fixed  provision  fairings.  Flight  restric¬ 
tions  and  operating  limitations  observed  during  the  test  are 
contained  in  the  operator's  manual  (ref  3,  app  A).  Testing  was 
conducted  in  accordance  with  the  test  plan  (ref  4,  app  A)  at 
the  conditions  shown  in  table  1. 

Table  1.  Test  Conditions* 


Tvpe 

Cross 

Weight 

(lh) 

Longitudinal 
Center  of 
Gravity 
(FS) 

Density 

Altitude 

(ft) 

Referred 
Rotor  Speed 
(RPM) 

Trim 

Ai rspeed 
(KTAS) 

Hover 

I4,9nn 

to 

23,200? 

333  (Min) 

3280 

to 

3780 

<N»  C  — 

<r  sc 

CM  CM 

_ 

0 

evel  Flight 

. . .  J 

14,300 

to 

16,200 

347  (FVO) 

_ 1 

7510 

to 

13,860 

. 

238 

4  3 

to 

16R 

MOTFS: 

'Tests  were  conducted  at  a  mid  lateral  center  of  gravity  (0.1  inch 
left)  in  two  configurations:  normal  utility  and  FSSS  fixed  pro¬ 
vision  fairings. 

"Aircraft  gross  weight  plus  cable  tension 
TEST  METHODDLOCY 

6.  A  detailed  listing  of  the  test  instrumentation  is  contained 
in  appendix  C.  Established  flight  test  techniques  and  data 
reduction  procedures  were  used  (ref  3,  app  A),  and  are  described 
in  appendix  0.  The  flight  test  data  were  obtained  from  test 


1  ns  t  rmrentat  1  on  displaced  on  the  instrument  panel  and  recorded  on 
magnet 1 c  tape  installed  in  the  aircraft.  Real  time  telemetry 
monitoring  of  selected  data  parameters  was  used  during  these 
tests. 
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RESULTS  AND  DISCUSSION 


C.FNFPA1. 

7.  limited  performance  flight  testing  was  conducted  on  the  HH-bOA 
helicopter  to  determine  the  comparative  performance  differences 
between  the  normal  utility  configuration,  as  described  In  HSAAEFA 
Report  No.  77-17  (ref  A,  app  A),  and  the  KSSS  fixed  provision 
fairings  configuration.  The  Increase  In  equivalent  flat  plate 
area  (FP)  due  to  Installation  of  the  FESR  fixed  provision  fairings 
was  2.5  feet^.  At  the  out-of-ground  effect  (OOF)  hover  guarantee 
conditions  of  95  percent  intermediate  rated  power  (IRP)  at 
4700  feet  pressure  altitude  (Hp)  on  a  15°C  day,  the  hover  capa¬ 
bility  was  reduced  46ft  pounds. 


HOVER  PFRFORMAN CF 

R.  Hover  performance  tests  were  conducted  at  Edwards  AFB,  CA 
at  the  conditions  and  configurations  listed  in  table  1.  A  left 
main  whorl  height  of  5.1  feet  was  used  for  ln-ground  effect 
(  10F)  and  100  feet  for  OOF.  The  tethered  hover  method  was  used 
to  obtain  the  majority  of  the  data  with  a  limited  amount  gathered 
using  the  frpe  flight  hovering  method.  A  cable  tensiometer  was 
used  to  measure  total  thrust  less  gross  weight.  Variations  In 
rhe  coefficient  of  thrust  (Of)  were  attained  hy  varying  cable 
tension  or  rotor  speed.  Hover  test  results  are  presented  In 
figures  1  and  ?,  appendix  F.  Test  data  with  the  fairings 
installed,  compared  to  the  normal  utility  conf 1 gurat Ion,  Indicate 
an  Increase  In  power  required  of  approxl  mate] y  1  percent  to 
hover  at  5.1  fpet  and  4  percent  to  hover  OOF.  When  the  samp 
comparison  was  made  during  a  previous  test  (ref  7,  app  A),  an 
Increase  In  power  reautred  of  11  percent  (THE)  and  7  percent 
(00E)  was  noted.  This  difference  between  tpst  results  for  the 
same  conf tgu ra t i on  confirms  the  observation  reported  in  the 
previous  test,  that  the  increase  in  power  required  was  too  great. 
Since  test  results  presented  in  this  report  agree  with  the 
Airworthiness  and  Flight  Characteristics  Evaluation  Of  IK  test 
results  in  the  normal  utility  configuration  (ref  A),  and  a  base¬ 
line  was  flown  for  each  wheel  height,  the  previous  data  should 
he  disregarded.  The  increase  In  power  required,  to  hover  with 
the  FSSS  fixed  provision  fairings  installed  as  reported  herein, 
is  representative  and  should  he  incorporated  In  the  operator’s 
manual . 

q.  The  standard  dnv  oof  hover  celling  at  the  primarv  mission 
gross  weight  of  1A,2A0  pounds  using  T°R  was  11,200  feet  In  the 
normal  iitilltv  configuration  as  published  in  HSAAEFA  Report 
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Xn.  >/-]<  (ret  (> ,  app  A).  Wfrh  the.  fairings  1  ns  t  a  I  I  <’<1  there 

u,i-;  a  ilivrt1:! m*  nf  HVt  feet  In  the  |v  vi'r  celling.  At  4000  feet 

Pn  on  a  16  "C  dav,  tin*  maximum  gross  weight  of  17,721  pounds 
for  OCK  hover  In  the  nnrwal  nfllltv  run  f  I  gn  ra  t  I  on  decreased 

5?2  pounds  to  1 7 , 1 0*1  pounds  with  tho  KSSS  fixed  provision 

fairings  installed.  At  t he  hover  performance  guarantee  condition 
of  IS  percent  IRP  at  4700  fort  H  on  a  35°C  day,  the  hover 
I’.ipnhllltv  was  reduced  466  pounds  from  16,570  to  16,104  pounds. 
1 ncorpor  it f ng  the  weight  of  the  airframe  fixed  provisions 
i'I)0.6  pounds,  tahle  1.  app  B)  .dll  reduce  the  payload  by 
S‘*6,6  pounds  ( 466  +  130.6  pounds)  or  the  equivalent  of  elimi¬ 

nating  t  (vo  conhat  equipped  troops  and  117  pounds  of  fuel  or 
■  ‘riu  I  pnent . 


i.i-  VKI,  VI  I  OUT  VVPFORM  ASrF 

10.  le"el  f 1 i ch t  performance  tests  were  conducted  at  the  condi- 
•  i  ms  listed  in  raMe  1  to  determine  power  required  and  fuel 

I  tow  it  various  airspeeds.  The  method  used  maintained  the  ratio 
of  press  weight  to  pressure  altitude  ratio  (W7fl)  and  referred 
rotor  speed  (ratio  of  rotor  speed  to  ambient  temperature  ratio) 
( S’#/  »  1)  constant  resulted  In  a  constant  F.p.  This  was  accomp- 

II  shed  hv  increasing  altitude  as  fuel  was  consumed  and  ad lusting 
rotor  speed  for  chances  In  ambient  temperature.  Fach  test  was 
flown  In  ha  1 1 -centered  flight  hy  reference  to  a  calibrated 
lateral  acre lerometer.  T.evel  flight  test  results  in  the  normal 
utilltv  configuration  are  presented  in  figures  3  through  6, 
appendix  F,  and  with  th  KSSS  fixed  provision  fairings  Installed 
in  figures  6  through  8.  The  baseline  power  required  and  inherent 
sideslip  curves  shown  in  these  figures  were  derived  from  USAAKKA 
Final  Report  No.  81-16  (ref  8,  app  A).  With  the  KSSS  fixed 
provision  fairings  installed  on  the  11H-60A  helicopter,  Fe 
increased  2.5  feet-  which  reduces  the  level  flight  airspeed 
hv  3  knots  at  maximum  continuous  power. 


CONCLUSIONS 


II.  I'.isivt  on  this  limited  rv.i  1  tint  ion ,  installation  of  the  KSSS 
fixed  provision  falrinqs  on  the  11H-6DA  helicopter  resulted  in  the 

Ini  I  i  tv;  I  m',  run.'  1 1 is  I  i  ms  : 


a.  power  required  to  hover  was  increased  compared  to  test 
results  of  the  normal  utility  configured  UH-hOA  (para  ft). 

h.  Power  required  to  hover  wa9  decreased  compared  to  previous 
h'«l  results  of  an  F.SSS  fixed  provision  fairinqs  configured  UII-60A 
(para  ft). 


c,  lira)!  In  level  fliqlit  Increased  hy  2  .  S  feet'*  of  equivalent 
flat  plate  area  (para  10). 


RECOMMENDATIONS 


I?  .  The  follow  In;'  recommendat I ons  ore  mode: 

a,  The  hover  performance  data  obtained  during  IIRAAFKA  Project 
No.  82- IS,  dated  December  1983,  should  he  disregarded  (para  8). 

h.  The  increase  in  power  required  with  the  F.SSS  fixed 
provision  should  he  Incorporated  in  the  operator's  manual 
( para  8) . 
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APPENDIX  B.AIRCRAFT  DESCRIPTION 


CENERAE 

I.  The  Sikorsky  IIII-60A  (Black  Hawk)  Is  a  twin  turbine  engine, 
s  f  ng  le-m.ii  n-' nt  or  helicopter  capable  of  transporting  II  combat 
troops  plus  a  crew  of  three.  It  is  equipped  with  3  nonretract- 
ahlc  conventional  wheel-type  landing  gear.  A  movable  horizontal 
srahilator  is  located  on  the  lower  portion  of  the  tail  rotor 
pylon.  The  main  and  tail  rotors  are  both  four-bladed  with  a 
capability  of  manual  main  rotor  blade  and  tail  pylon  folding. 
The  cross-beam  tail  rotor  with  composite  blades  is  attached  to 
the  right  side  of  the  pylon  and  is  canted  20  degrees  upward  from 
the  horizontal.  A  complete  description  of  the  aircraft  is  con- 
t -lined  in  the  operator's  manual  (ref  3,  app  A)  arid  the  aircraft 
general  Information  manual  (ref  9). 


KXTKRNAI.  Srnkfs  SUPPORT  SYSTEM  (F.SSS)  FIXED  PROVISION  FAIRINGS 

Tn  the  KSSS  configuration,  the  UH-60A  is  equipped  with  in¬ 
tegral  airframe  fixed  provisions  and  a  removabie  external  stores 
subsystem.  With  the  external  stores  subsystem  removed,  a  set  of 
lerodyn.imir  fairings  (fixed  provision  fairings)  (photos  1 
through  •»)  are  installed.  The  fixed  provision  fairings  used 
during  this  evaluation  were  handmade  (fiberglass)  and  when  com¬ 
pared  to  the  h  th  year  production  PR-60A  fairings,  significant 
surface  texture  and  slight  shape  differences  were  noted.  Photo  4 
Is  a  top  view  side-by-side  comparison  of  both  fixed  provision 
t  airings.  Photo  3,  a  top  view  of  a  bth  year  production  IIH-60A 
fairing,  shows  the  rough  surface  texture.  Table  I  Is  a  detailed 
weight  description  of  the  airframe  fixed  provisions  provided  bv 
r 1 o  Aviation  Systems  Command. 


A  IRSPFED/STABI I.ATOR  MODIFICATIONS 

3.  The  it rspeed/stabi iator  system  on  thp  rest  aircraft  included 
five  nod  i  f  i  cat  i  ons  from  the  original  production  ai  rural  t  In  an 
attempt  t<>  eliminate  pitch  oscillations  during  takeoff,  improve 
climb  handling  qualities,  and  reduce  large  position  error  during 
■/nr  ions  airspeed  regimes.  Three  changes  were  incorporated  in 
•he  pi  tot-s  t.at  i  c  pressure  systems  and  two  changes  were  electrical 
.  jrruit  modi f ? cations  to  the  stabi Iator  amplifiers  in  the  stahil- 
at  >r  s  vs  t  cm .  Major  features  of  this  system  are  summarized  ir 
table  2  an. I  an  described  in  detail  in  the  Preliminary  Airworthi¬ 
ness  Kv  1 1  eat  I  mi  ol  UH-hOA  with  an  Improved  Ait  speed  System 
(ft  I  i ,  app  At, 
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Photo  5.  Sixth  Year  Production  Fairing 


T.'ih  I  f  I 


Airtr.nH"  FI  ril  1’:  u”  *«  I 


I'rts  I  I  Wei  j>  h  t  s 


1 

' 

We  1  pl't 

ilor  i  7. orit  a ) 

t.at  e  r;l  1 

Vert  1  r,i  1 

(lb) 

Arr 

Arm 

Arm 

1  ;'pp*r 

. 

KFtffnp  S’  t  .*i  •  (?) 

17.1 

20  5.  n 

n 

2b0.n 

1 1  nvn  r 

Flrrlnj-  sr.i.  >os  (?) 

6.6 

:  os.o 

n 

217.1 

M'W’i'r 

!-  i  i  ^  f  np  S  t.i  •  (  * ) 

IS.H 

v.s.n 

n 

2f>0.o 

1  ’  nvr 

FI  r  f  Ini'  Stn.  An*  (  ;> ) 

7.0 

OR.  A 

(A 

217.1 

|  '  on  •’  »  ! 

ml  f  nn  1  At  rnrtri re  (?) 

6.1 

A  '  i  .  5 

0 

26  A.  A 

' 

mi  S  f  »>n 

7.? 

?  ib.n 

0 

21*. o 

1  \  II V  I  |[ 

;»t*v  'Svst^n  -  Prov f  **  t  »ai*s 

1  • 

,i  !  r.m’» 

■>.2 

4?s.  6 

-6.R 

22b. 6  1 

!  \iiv  i  I  i 

•»rv  Furl  Svst*’i»»  -  I’  ri"' :  s  f  ons 

1 

i  Ip  F 

use  1  ipn 

in.o 

A4R.0 

0 

26A.O 

1  A i. v  f  |  I 

tv  Fun  I  SvKlfn  -  l‘I  rl  n>T  In 

1 

!  v  1 1 « i 

1  ipe 

1 . 1 

A60.n 

lA 

265.0  1 

J  |  #  >  r* ,  1 

A  I r  Svs i nn 

2.6 

A16.5 

-n.R 

266.7  1 

i  ••  t  .»»»  'i 

i  *p»*  nqo  r 

?s5.n 

n 

250.0  | 

1  it  for’!’ 

lb.  i 

AO|  .5 

0 

266.1  | 

-r  '  ,111.1  'FIX  Vi'f-|||> 

I  7  .  >i 

>0|  ,6 

‘A 

261.1  1 

» 

Step'? 

20S.n 

1  ) 

N> 

i 

•r- 

r 

1 

1  r  '  :  A: 

a  Kivpn  puny  1 S  IONS 

(  1  '’•'.n) 

(tOA.O) 

(-0.1) 

(260.7)  1 

1 

I  ‘•’.•nii” 

1 

!>  1 1'  K. 1 1  r  i  ni. ^ 

10!  .A 

n 

25  I .  1  1 

1 

| 

1  "Air  i  : 

| 

‘''S 'l'i  r**  f  n  pll— f  f  nr* 

(  1  10.6) 

r  . 

(M  i  A  .  7  i 

(-0.1) 

r  1 
(250.7)  | 

. . : .  - 

1 

Best  Available  Copy 


Table  2 


Ai rspeod/Stahilator  System  Configuration 


I  tpm 

f 

Or! pi nal 

Product i on 

Current 

Product i on 

Stahilator  Airspeed 

0.4  sec 

1.0  sec 

Damping 

_ _ _  .  ...J 

(electrical) 

Pitot-Tube  Orientation 

Straight 

Rolled  20  deg  outboard 

3  dog  down 

Stahl  l.itor  Program 

— 

Col  I ect i ve  gain 

reduced 

Airspeed  Indicator 

0.0  sec 

0.4  sec 

Damning 

Vertical  Speed  Indicator 

Pitot  Tubes 

Cabi  n 

Static  Source  1. neat  Ion 
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'<  •  The  primary  power  plants-  for  t  lie  1IH  MIA  lie  1  I  copt  e  r  are  t'eiieral 
K  lent  rt  i-  T /(Hl-cr  -/on  front  drive  tnrbnshaft  engines,  rated  at 
I  SSI  shaft  horsepower  (shp)  .at  a  power  turbine  speed  20,900  rpm 
(sea  level,  standard  dav  installed).  The  engines  are  mounted  in 
n.a -e  lies  on  either  side  of  the  main  transmission.  Fach  engine 
has  four  modules:  cold  section,  hot  section,  power  turbine 

section,  and  iccessory  section.  ftesfgn  features  include  an 
a » i al-epnf r I fnga 1  flow  compressor,  a  through-flow  combustor,  a 
two  stage  af  r -roo  led  high  iressure  gas  generator  turhlrjie,  a 
two-stag,  nmOinlnd  power  turWfhe,  and  self  contained  1  ohr  1  cat  1  on 
>nd  electrleal  ivsless.  Pertinent  engine  data  are  shown  helow. 


"■'ode  I 
Tvpe 

"ate  I  power 


fViopr.'S.-or 


.mhns !  i  on  .-hamh.  : 

'  is  gen.- 1  at  or  st  ig*>s 
Power  turhlne  stages  * 

■  i  i  rent  1  en  of  eng  I  no 
rot  ;t  ion  (aft  looking  fw<i) 
Height  (drv) 
l.eng!  >i 

"laxinum  diameter  1 

Fuel  ! 


T700-CF-700 

Tnrhoshaft 

155)  shp  installed  at  sea  level, 
sfandurd-dav  static  eonditions 
at  ?ft, 000  rpm 

Five  axial  staves,  1  centrifugal 
si  age 

Single  annular  chamber  with  axial 
flow 

■f 

Clockwise 

415  pounds  max 

4  7  In. 

2  5  In. 

Ml I.-T-Sh24  grade  IP-4  or  IP-5 


basic  AjvrPAFT  I^Ff'RvATTo\T 

i,  feneril  data  of  the  I’ll— AllA  helicopter  are  as  follows: 
1  ross  Weight 


Maylmum  alternate  cross  weight  1>0,?5|)  pounds 

’cptc  welgl  t  Apnroxl  mat  e  I  v  inl/C’ft  pound 

!’r  i  "vi  rv  "f  ss  i  on  gross  weight  |A,?<.H  pounds 

-a  par  i  ;  v  Ah'.  gallons 


I 


I  7 


AV2!f2bte 


Main  Rotor 

Number  of  hi. -tiles 
Otameter 
Rladp  chord 
Hade  twist 
R  lade  t i p  sweep 
Rlade  area  (one  blade) 

Airfoil  section  f root  to  Mp)  designation 
thickness  (percent  chord) 

Main  rotor  mast  tilt  (forward) 

Tail  Ro  t  o_r 

Number  of  blades 

!>i  ameter 

R1  ado  chord 

'Haile  twist  (eon!  va  1  ent  linear) 

Rlade  area  ( one  blade) 

Airfoil  section  (root  to  tip  designation) 
thlrknens  (percent  chord) 

o ant  anglp 


4 

■n  ft,  a  in. 

1.7V1.7S  ft 

-18  deg  (e<nti  valent  ) 

2(1  deg  aft 

4b. 7  so  ft 

SC109S/S01095R8 
Q.5  percent 

8  deg 


4 

11  Ft 

0.81  ft 

-18  deg 

4.4b  so  ft 

SCI  09 5 /SCI 09 SR8 
. 5  percent 

20  dpg 


18 


■,ir  Ratios 


Main  Transmission 

Tnput  PPM 

Input  bn vn 1 

20,000.0 

M.if'l  ho v  •  1 

'>747.1 

“'.■inni.'irv 

1206.7 

Till  tab.-off 

1 20b .  2 

Am'ssnrv  N<vol 
( I'r’norar  or 7 

174/. 1 

Aorossorv  spur 
(  hvi*  r  in  1  i  rs  ) 

r^- 

\T 

c 

oc 

Into  rmod  i  ;i  t  ,■ 

(U'AT  box 

4111.1 

Tail  OearNy 

ms.o 

"voral  1 

i  ni’  i  no  r  n 
ti  i  ii  r.  it  or 

20,000.1) 

i'n.'fn.-  to 

fail  rut  or 

20,000.0 

Tail  rot  or  t  n 
main  rotor 

MHO. a 

Output  Ri'M 

Ratio 

(Tneth) 

4747.1 

3..'  >384 

(80/227 

1206.7 

4.7447 

(81/177 

217  .0 

4 .47/4 

(228  +  42) 
62 

4  1  1 1 . 1 

0.2071 

( 74/1 147 

1 1 ,801.7 

0.4848 

(77/76; 

7184.1 

1 .4420 

(02/16) 

3218.0 

1.2400 

(31/21)  . 

1 180.8 

2.7801 

(13/10) 

247  .0 

8  1  .0410 

1  180.8 

17.4618 

.'47.0 

7.6!  74 

APPENDIX  C.  INSTRUMENTATION 


I.  TV>  test  instrumentation  was  Installed,  calibrator!  and  main¬ 
tained  bv  the  PS  Army  Aviation  Engineering  Flight  Activity 
personnel,  A  tost  boom  with  a  swiveling  pitot-static  tube  and 
an’le  of  attack  and  sideslip  vanes,  was  installed  ,p  the  nose  of 
the  aircraft.  The  data  acmiisitlon  system  utilized  pulse  code 
modulation  encoding  on  magnetic  tape  onboard  the  aircraft,  and 
to  the  ground  for  real  time  monitoring  through  telemetry  trans¬ 
mission.  Data  was  displayed  or  recorded  as  indicated  below. 

Pilot  Station 

Airspeed  (honm) 

A1 1  i  tilde  (  booml 

AIM  tilde  (radar-dual  range)* 

Rate  of  climb* 

Rotor  speed  (sensitive) 

Engine  turnup*  ** 

Turbine  gas  temperature  (T^^)** 

Engine  gas  generator  speed** 

Control  positions 
t.ongl  tudi  na  1 
Eater. 1 1 
Pedal 

Col  1 ect i ve 

'tahilator  position* 

Angle  of  s i des 1 i p 

Sensitive  hank  angle  (center  of  gravity  lateral  acceleration) 

Copi 1 ot /Fnglneer  Stat ion 

Airspeed  (ship’s  svstem) 

Altitude  (ship’s  svstem) 

Rotor  speed* 

Fn.’ine  tornne*  ** 

Total  air  temperature 
Fntfn.'  fuel  user!  (totalizer! 

AP’  fuel  used  (totalizer) 
ballast  cart  position 
Time  code  display 
Run  number 
Event  swi teb 

P i  g i  t  a  1_  (  PCM )_  Pat  a  Parameters 

A i rs peed  (ship) 

A  I rspeed  (hoop) 

\ I r ( t  nde  ( boom) 

♦Ship's  svstem/not  calibrated 
•'♦both  engines 
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A  !  t  1  f  tide  (  sh  i  p  ) 

Alt!  rude  (  radar  ) 

Trir.il  air  temperature 
Pot  or  speed 
Fnt'lne  tornue** 

Turbine  >tas  tempera t aiire  (T4.5)** 

Fnjtlne  pas  generator  speed** 
l-'nplnp  power  turMnp  speed** 

Fna  I  n e  fnpl  flow** 
i'nt’f  no  fuel  used** 

Mi I ti  rotor  shaft  tornue 
Mafn  rotor  shaft  hendtnp 
Till  rotor  shaft  tornue 
Tail  rotor  Impress  pitch 
"t nhj 1  at  or  pos 1 1 1  on 
Ha  I  last  ■  a  r  t  pos I f 1  on 
"on 1 ro I  pos I t I  mis 
l.onp  i  t ud i oa 1 
I  at  era  I 
Pedal 

fin  I  1  net  I  v  > 

■it-ihllftv  nipnent  at  ( on  svstem  actuator  output  positions 
•l.oiic I  t  nil  1  n.i  1 
I, a t  era  1 
t*l  rec  r  I  dm  1 
■\n»  1  0  of  aft  acV 
Anf’le  of  s  i  lies  I  1  p 
A  I  re  ra  ft  at  1 1 1  tide 
Pitch 
Pol  I 
v.aw 

Aircraft  uipolir  rate 
P  i  t  ch 
Pul  ! 

v.aw 

I  i  r  , ,  ee  I  e  r  1 1  I  00 

f’e-tfe|-  o|  /ru'/ilv  normal 
lo-u'er  of  <ravitv  lateral 
'aoit.-r  1 1  f  TU'it-’  longitudinal 
T  I  "V  of  lav 

"o  1  piikIv.  r 


,  .1 1 


APPENDIX  D.  TEST  TECHNIQUES  AND  DATA 
ANALYSIS  METHODS 

AIRCRAFT  WKICHT  ANH  BALANCE 

1.  The  aircraft  was  weighed  in  the  test  configuration  with  full 
oil  and  all  fuel  drained  prior  to  the  start  of  the  program. 
The  Initial  weight  of  the  aircraft  was  I4.7SO  pounds  with  the 
lonpl tud i nal  center  of  gravity  (eg)  located  at  fuselage  station 
?ES)  1S9.S  with  the  eg  of  the  empty  ballast  cart  located  at 
FS  ln| .  The  fuel  cells  and  external  sight  gages  were  calibrated 
on  a  previous  evaluation.  The  measured  fuel  capacity  using  the 
gravity  fueling  method  was  364  gallons.  The  fuel  weight  for 
each  test  flight  was  determined  prior  to  engine  start  and  after 
engine  shutdown  by  using  the  external  sight  gage  to  determine 
the  fuel  volume  and  measuring  it’s  specific  gravity.  Aircraft 
eg  was  controlled  hy  a  moveable  ballast  system  eh i eh  was  manually 
positioned  to  maintain  a  constant  eg  whib  luel  was  burned. 
The  moveable  ballast  system  was  a  cart  (2001)  pound  capacity) 
attached  to  the  cabin  floor  hy  rails  and  driven  bv  an  electric 
screw  jack  with  a  total  longitudinal  travel  of  77.1  Inches. 

PERFORMANCE 
(.eoera  I 

’.  Helicopter  performance  was  generalized  through  the  use  of 
nondi mens! onal  coefficients  as  follows  using  the  1968  US  Standard 
Atmosphere : 

a.  Coefficient  of  Power  (Op): 

SHP  (''SO) 

Op  =  .  ( 1 ) 

pA(ttR)3 

b .  Coefficient  >f  Thrust  (Oj): 

r;w  +  CABLE  TENSION 

0T  =  _  _  (2) 

PA(12R)2 
Advance  Ratio  (  |i)  : 

VT  (  I  .68  78) 


3R 
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Who  re : 


SHP  --  Fnttlne  output  shaft  horsepower  (total  tor  both  engines) 
0  3  Ambient  air  density  ( lh-sec^/f t^) 

A  3  Main  rotor  disc  area  3  7262  ft^ 

Main  rotor  annular  velocity  ( radlans/sec) 

P  ■=  Main  rotor  radius  =  26. S3!  ft 
CW  =  dross  weight  (lb) 

liable  Tens;  »n  -  Tension  of  tether  hover  cable  (lb) 


Vf  *  True  airspeed  ( k t )  = 


Vk 

1.687  H/p/p^ 


I .6878  *  Conversion  factor  (ft/see-Pt) 
e0  3  f>.niV>3  7M)  (  1  h-sec2/f t4) 


-  Foul  valent  airspeed  (ft/sec)  3 


/*'.7262  ~  Conversion  factor  ( 1 b/f t ^-ln  .-Hg  ) 


nr  -  Uvnamlc  pressure  (In. -He;) 

,  3  Ambient  air  pressure  (in. -bp) 

At  the  normal  operating  rotor  speed  of  267,1)  (100T),  the  fol- 
lowlur  constants  ina v  be  used  to  calculate  Cp  and  C-p: 

=  7?/.  .686 


(  :'$)?■  -  626,168.16 
(  V)  1  3  38", 681 ,41  1 .2 


I.  The  engine  output  shaft  tornue  was  determined  bv  use  of  the 
e"  ;  I ue  tornue  sensor.  The  power  turbine  shaft  contains  a  tornue 
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sensor  tube  that  measures  the  total  twist  of  the  shaft.  A  con¬ 
centric  reference  shaft  is  secnrsd  hy  a  pin  at  the  front  end  of 
the  power  tnrhloe  drive  shaft  and  is  free  to  rotate  relative  to 
the  powpr  turhine  drive  shaft  at  the  rear  end.  The  relative 
ri.arlor  is  due  to  transmitted  toroue,  and  the  resulting  phase 
angle  between  the  reference  teeth  on  the  two  shafts  is  picked  up 
hv  the  toroue  sensor.  This  toratie  sensor  was  calibrated  in  a 
test  cell  hy  the  engine  manufacturer.  The  output  from  the  engine 
toroue  sensor  was  recorded  on  the  on-hoard  data  recording  system. 
The  output  SUP  was  determined  from  the  engine's  output  shaft 
toroue  and  rotational  speed  hy  the  following  equation. 

Of  Np) 


1212.113 


Whore : 

n  =  Fngine  output  shaft  torque  (ft-lh) 

Np  =  Engine  output  shaft  rotational  speed  (rpm) 

r>.!r>2.1l  3  =  Conversion  factor  (  f  t-1  S-rev/ml  n-SIIP) 

The  output  SUP  reoul red  was  assumed  to  Include  13  horsepower  for 
davllght  operations  of  the  aircraft  electrical  system,  hut  was 
corrected  for  the  effects  of  test  Instrumentation  Installation. 
A  power  loss  of  1.8?  horsepower  was  determined  for  electrical 
operation  of  the  Instrumentation. 

Shaft  Horsepower  Aval  1  able 

4.  Shaft  horsepower  available  for  the  T700-GK-700  engine  Instal- 
lel  In  the  IMI-hOA  was  obtained  from  data  received  from  Aviation 
Systems  Command  and  presented  in  MSAAFFA  Report  Mo.  77-17 
(ref  5,  app  A).  This  data  was  calculated  using  the  General 
Flectric  engine  deck  number  80024,  dated  2b  February  1481  with 
)  power  turbine  shaft  speed  ot  20,000  rpm.  The  Installation 
losses  used  wore  based  on  0.21  degree  C  engine  inlet  temperature 
rise  in  a  hover,  exhaust  losses  as  obtained  from  the  Sikorsky 
aircraft  Document  Number  SER-70410,  »evision  2,  dated 
8  llarcb  1978,  inlet  ram  pressure  recovery  as  obtained  from  the 
Sltorskv  Prime  Item  Development  Specification,  and  an  inlet 
t( mperature  rise  In  forward  flight  assuming  an  adiabatic  rise 
referenced  to  a  zero  degree  rise  in  a  hover. 
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Mover  l*»  ,  f  orm.nirt' 

'< .  iti.viT  pci  I  ormaucc  was  obtained  hy  the  t  ct  he r<-<f  hover  tech¬ 
nique,  Add i  l  i onal  I  rot*  flight  hover  data  were  accumu I  ated  to 
verify  t lie  tethered  hover  data.  Ail  hover  tests  were  conducted 
in  winds  of  less  than  3  knots.  Tethered  hover  consists  of  re- 
.« training  the  helico|>tet  to  the  ground  by  a  cable  In  series 
with  a  load  cell.  An  increase  in  cable  tension,  measured  by  the 
load  cell,  is  equivalent  to  Increasing  gross  weight.  Freo-f light 
In  ojr  tests  consisted  of  stabilizing  the  helicopter  at  a  desired 
In  iglit  using  the  radar  altimeter  as  a  height  reference.  All 
Inver  lug  data  were  reduced  to  nond i mens t ona 1  parameters  of  Cp 
an  I  Cp  using  equations  I  and  2,  respectively.  Adjustments  in 
C(  for  changes  In  density  altitude  as  presented  in  reference  S, 
i|  :>  \,  were  reoui  re. |  for  dimensional  comparisons. 

M  Ft  FI. !  CUT  I’F  RFOFMANCK 

F  neb  speed  power  was  flown  in  ball  centered  flight  by  refer,  nee 
'a  a  calibrated  lateral  accelerometer  at  a  predetermi ned  r-r  and 
icier  red  r.-ior  speed  (Np//9).  To  maintain  the  ratio  of  gross 
wtlght  r.  pressure  ratio  (W/6)  constant,  altitude  was  Increased 
<■  i Me  I  was  consumed.  To  maintain  Ng//cT  constant,  rotor  speed 
was  decreased  as  temperature  decreased. 


re  : 


OAT  +  273.15 

'•  5  "enpvr  tture  ratio  =  288.  IS 

OAT  -  Amhl-oii  air  temperature  ("C) 

\a>  -  Main  Mt'ir  speed  (rev/min) 

*'a 

-  it  essu  re  ratio  = 


i’V.n  '  I fn.-Hg 

f|.  m."e‘,  a  equivalent  flat  plate  ar<-a  were  determined  I  rum  the 
I  ■  i '  I ow i n  e  ei| uaf  inn, 


I 


effects  of  external  t  nut  mment  at  l  on  drag  were  determined  by 
'•-h*  following  equation,  where  the  AFe  was  estimated  to  he 

o.-m  rt;\ 

AFe  (p/()0)(VT3) 

,'<''^lnsl  r  ilr«)'  - _ _  _  ^  ^ 

96254 

Where: 

np.JV.  -  Conversion  factor  (  f  t^-kt^/SHF) 

I’wr  rocolred  lor  level  flight  at  the  test  day  conditions  was 
di'i  t>i  nii  tiimI  us  In:',  the  '*  o  I  lowing  equation. 

S"l*t  "  SHI»  -  ASIIPlnstr  (|M(,  -  1.S2  (7) 

7.  Test-dav  (measured)  level  flight  data  was  corrected  to 
a-. i  rare  test  dnv  conditions  hy  the  following  equations. 


sun.,  "  snnt 


Suhs  i;  r  1  pt 


!  A V.-' rage  test  dav 


H.  Tin*  specif  ic  range  (SK)  data  won*  derived  I  ron  the  test  level 

flight  power  required  and  fuel  flow  (Wp  ).  Selected  level  flight 

t 

performance  SHI’  and  fuel  flow  data  for  each  engine  were  referred 
as  foil ows . 

SUP  £ 

SIII’kpf  =  _  (10) 

60n-‘s 

,Jr 

VV  1  (11) 

"  P  K  K 

f>) O.S5 


■\  .•orve  fit  was  subsequently  applied  to  tbis  referred  data  and 
was  used  as  the  basis  to  correct  Wp  to  standard  day  fuel  flow 

t 


us  i  ni!  the  following  equation. 


=  Wi 


M-V 


(1? 


Who  re  : 

.‘Wp  -  Changes  In  fuel  flow  between  SHPt  and  SHPs 


The  following  equation  was  used  for  determination  of  specific 


APPENDIX  E.  TEST  DATA 


INDEX 

Figure 

Non<)lnens<onal  Hover  Performance 
IDF, 
nCF, 

Level  FLlglit  Performance 

Normal  Utility  Configuration 

F.SSS  Fixed  Provision  Fairings  Configuration 


Figure  No. 


1 

2 

3  through  5 
6  through  P 


ENGINE  POWER  COEFFICIENT  X!0* 


FIfiU8E  2 


9YW0L  METHOD 


m *• i±*:  Ktifcrw&'Mfs&x jiv 


WHEEL  HEIGHT  s  166  FT . 

CCtCIGURATICN  DENSITY  REF 


•  -• 

|CRP*0 

<fEG  Cl 

B 

TETHERED  ESSS  F  P  FAIRINGS 

3708 

258 

214 

0 

TETHERED  ESSS  F  P.  FAIRINGS 

3688 

040  ... 

_ 214- 

■  . 

FREE  CSSS  F  P  FAIRINGS 

3746 

2» 

22.6 

i mrt  hm  v  s 

...  3780 

_  -042—.. 

- 224 

* 

TETHERED  NORM  UTILITY 

3340 

256 

104 

A 

TETHERED  NORM  UTILITY 

3380 _ 

4 .  201  . 

- 004 

* 

TETHERED  NORM  UTILITY 

14JLAA; 

SNG 

:  251 

t04 

4AA  . 

TETHERED  .  NORM  UTILITY 

-  3388 

4 _  244.  ... 

i i  *  ;—i  ' 

104 

;  _  ;  t  .  •  _  : 

J  l .  :  . 

:  :  .  i. 

Cp.  -  4.864gg£-aS  *  l.06»44CyE 
CfcSSS  F  P  fairings  configuration:) 

.  ©-•  ?  - - - f-  -  - - : 


p  N -  £V  •  5 . 6234SE-0S  ♦  1.040830^" 

CF AIRING  DERIVED  FROM  USAAEFA  REPORT  NO.  77-171 


NOTES s  I .  WHEEL  HEIGHT  MEASURED  FROM  BOTTOM  OF  LEFT  MAIN  WHEEL 

2.  VERTICAL  DISTANCE  FROM  BOTTOM  OF  MAIN  WHEELS 

TO  CENTER  OF  MAIN  ROTOR  HUB  -  12  FEET  . 

3.  WI«>S  LESS  THAN  3  KNOTS 


£  7§F'*>r  Hi  3T 

THRUST  COEFFICIENT  XI94 


.IP  ANCLE  CDEG> 


FIGURE  4 

LEVEL  FLIGHT  PERFORMANCE 
TJH-60A  USA  S/N  77-22716 

AIRCRAFT  CONFIGURATION;  NORMAL  UTIUTY 


AVG  CG  AVG  AVG  AVG 

-  '  LOCATION  DENSITY  AVG  REFFERRED  TH?UST 

LONG  LAT  ALTITUDE  OAT  ROTOR  SPEED  COEFFICIENT 

.  IFSO  CBL  5  CFT3  CDEG  CD  CRPMi 

347.1CFWD3  0.1  LT  11,510  14.5  258.2  0.008002 


NOTE :  BALL-CENTERED  FLIGHT 


LA0  0>°Q.e 


FAIRINGS  DERIVED  FROM  USAAEFA 
REPORT  NO.  81-16 


30  \ 


*-10  1 


TRUE  AIRSPEED  C KNOTS 3 


ANGLE  CDEG3 


i 

s 


»< 


a 


■> ) 


C33Cp  3TSNV  dXTS30IS 


!  FlGtRfc  6 

!  LEVEL  FLIGHT  PEPEORMANOEi 

‘  1H-60A  USA  S7N  77-23716  ’ — V  - 

AIRCRAFT  CCtfXafL^TIDN:  ESSS  F ..  P.  FAJRIN&S 


AVG ;  i  AVG  CG  AVG  ,  [  AVG  ■  AVG 

“  OROS$— ~  LOCATION  ■  DENSITY  ‘  —  AVG  :  ‘  ReFFlSRKD'  “  THRUST 
WEIGHT  LONG  LAT  ALTITUDE  OAT  ROTOR  SPEED  COEFFICIENT 

G_a>.  iFSi. _  CBLI  .  ... CFTi  CDEG  Cl  .  CBPMI..  ' _ L.. 

10,100  347.0CFWD>  0.  1:  LT  7510  20.0  258  2  :  0.007006 


HJjj  0. 1 


NOTE  :  Ba4.-C£NH£ED  fLIGHT 


°©  ®a.J> 


©  :  iP 


-38  fc 


S2*® 


rr-©0 


SIDESLIP  AhD  BASELINE  FAIRINGS  CDASHED  iJlNE^ 
DERIVED  FROM  USAAEFA  REPORT  NO.  81-16  ft 


10  -hi 


FAIRING  DERIVED  FROM  BASELINE 
WITH  2.5  FT2AFE  ITCQRPQRATED 


80  100  120 

TRUE  AIRSPEED  CKNOTSI 


3m 


ANGLE  CDEG> 


HSIJRL  7 

LEVEL  FLIGHT-  PERFORMANCE 
TJW-80A  USA  3/N  77-227 f 6 


.  WEIGHT 
:  CLBI. 

1 6, 120 


. AIRCRAFT  CONFIGURATION:  ESSS  F.  P.  FAjLRXNGS . :  . 

jAVG  CG  AVG  AVG  AV0  i 

. LOCATION  ‘DENSITY  AVG  REFFEfcftED' - ^TttRt'ST 

LONG  LAT  ALTITUDE  DAT  :  ROtOR  SPEEb  COEFFICIEf 

LF$i  C$L)  CFT>  CDEG  C)  ...  .j  CRPfol  ■  |  ■ 

347.2CFWD)  0.1  LT  10,950  13.5  1  258  4  !  4  007975 


NOTE:  BALL-CEN.TEf?ED  fLIGfHT 


-im 

CY. 

S. 

OM 

L_  _  J 

HM 

UI 

L1 1 

Cl  OC 

0.0 


O  Q 


O  0 


2800-1 


- ~**0~ 


£  2400- 
c n 

W 

(r. 

UJ 

:x 

n  2000 

l  Li 

in 

(Y 

o 

x 

iZ  1 13PI0- 

-T 


SIDESLIP  AND.  BASELINE  FAIRINGS  CRASHED  LINED 
DERIVED  FROM  USAAEFA  REPORT  NO.  81-16 


FAIRING  DERIVED  FROM  BASELINE 
WITH  2.5  FT  2  A  Ff  INCORPORATED 


o  1200 


Q.., 


TV 


800 

40 


TRUE  AIRSPEED  O'NOTTI 


71*0 


SIDESLIP  ANGLE  CDEGD 


F1GLRE  8 

LEVEL  FLIGHT  PERFORMANCE 
.  UH-80A  USA  S/N  77-227 f  6 

AIRCRAFT  CONFIGURATION :  ESSS  F.  P.  FAIRINGS 


CLB)  . 
10,120 


AVG  CG  AVG 

- LOCATION  DENSITY 

LONG  LAT  ALTITUDE 

.  CFS)  CBL)  CFT) 

347.2CFV/D)  0.1  LT  13,860 


AVG  AVG 

AVG  REFFERRED-  THRUST 

:  OAT  ROTOR  SPEED  COEFFICIENT 

CDEG  C3  CRRMJ  . . 

6.0  258.1  0.009006 

NOTE:  BALL-CENTERED  FLIGHT 


G  °o 


O  0° 


OBOCX 


30  ! 


SIDESLIP  AND  BASELINE  FAB  TNGS  CD  ASHED  LINE) 
DERIVED  FROM  USAAEFA  REPORT  NO.  81-16 


'Vyy> 


FAIRING  DERIVED  FROM  BASELINE  -// 

WITH  2.5  FT2AFE  INCORPORATED  7/ 


TRUE  AIRSPEED  C KNOTS) 


DISTRIBUTION 


IM)A  (DALO-SMM,  DALO-AV,  DALO-RQ,  DAMO-HRS,  DAMA-PPM-T,  8 

DA'IA-RA,  DAMA-WSA,  DACA-KA) 

US  Army  Materiel  Command  (AMCDE-SA,  AMCQA-E,  AMCDF.-l,  AMCDE-P ,  7 

AMCQA-SA,  AMCSM-WA  AMCOA-ST) 

US  Army  Training  and  Doctrine  Command  (ATTG-U,  ATCD-T, 

ATCD-ET,  ATCD-B)  A 

US  Array  Aviation  Systems  Command  (AMSAV-ED,  AMSAV-EI,  11 

AMSAV-EL,  AMSAV-EA,  AMSAV-EP,  AMSAV-ES,  AMSAV-Q, 

AMSAV-MC,  AMSAV-ME) 


US  Army  Test  and  Evaluation  Command  (DRSTE-CT-A,  2 

DRSTF-TO-O) 

\S  Array  Logistics  Evaluation  Agency  (0ALO-LEI)  1 

US  Army  Materiel  Systems  Analysis  Agency  (DRXSY-R,  DRXSY-MP)  2 

US  Array  iper.i t  i ona  1  Test  and  Evaluation  Agency  (CSTK-ASD-K)  1 

U‘  Army  Armor  "enter  (ATZK-CD-TK)  1 

IS  Army  Wlation  Center  (ATZQ-D-T,  ATZQ-TSM-A, 

ATZQ-  !' SM-S  ,  ATZO-TSM-U)  4 

US  Army  Combined  Arms  Center  (ATZLCA-  M)  1 

IS  Army  Safety  Center  ( IGAR-TA,  ICAR-Li brary )  2 

l'S  Array  Research  and  Technology  Laboratories  (AVSCOM) 

( SAVDL-AS ,  5AVDL-POM  (Library))  2 

S:  Army  Research  and  Technology  Labora t ori es/Appli ed 

T r o h i  ■ ! agy  Laboratory  (SAVDL-ATL-D,  SAVDL-Library)  2 

^•S  Armv  Research  and  Technology  Laboratori  es/Aeromecharii  cs 

Laboratory  (AVSCOM)  (SAVDL-AL-D)  1 


Best  Available 


Copy 


l 


US  Army  Research  and  Technology  I.aboratories/Propluslon 

Laboratory  (AVSCOM)  (SAVDL-PL-D)  1 
Defense  Technical  Information  Center  (DDR)  12 
IIS  Military  Academy,  Department  of  Mechanics 

(Aero  Croup  Director)  1 
'ITMC-TKA  (MTT-TRC)  1 
ASD/AFXT,  ASD/ENF  2 
I'E  Naval  Post  Graduate  School,  Department  Aero  Engineering  1 


(Professor  Donald  Layton) 

Assistant  Technical  Director  for  Projects,  Code:  CT-24 


(Mr.  Joseph  Dunn)  2 
Ar>20  Test  Croup  (ENML/Stop  238)  1 
Commander,  Naval  Air  Systems  Command  (AIR  5115B,  AIR  53D1)  3 
IS  Army  Aviation  Systems  Command  (AMCPM-BH-Q)  5 
Sikorsky  Aircraft  Division,  United  Technologies  Corporation 

(Mr.  Richard  Connor)  5 
General  Electric  (Mr.  Koon)  2 


A v 


>  5  f  /*■*  !-*> !  f\ 
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